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ABSTRACT 

We study the pseudo equivalent width of the Sill A4000 feature of Type la supernovae (SNe la) in 
the redshift range 0.0024 < z < 0.634. We find that this spectral indicator correlates with the light 
curve color excess (SALT2 c) as well as previously defined spectroscopic subclasses (Branch types) 
and the evolution of the Sill A6150 velocity, i.e., the so called velocity gradient. Based on our study 
of 55 objects from different surveys, we find indications that the Sill A4000 spectral indicator could 
provide important information to improve cosmological distance measurements with SNe la. 
Subject headings: cosmology: observations - distance scale - dust, extinction - supernovae: general 



1. INTRODUCTION 

Type la supernovae (SNe la) provided the first ev- 
idence foi__thfi_a£celfirating_e^ uni- 
verse (|RieiiIeFin [Till [pSlmntti^^ This 
was made possible by the homogeneous luminosities of 
this class of explosions, which were further "standard- 
ized" using two empirically deri ved relations: SNe with 
wider light curves ar e brighter (lPhillipslll993() and red- 
der SNe are fainter (jTrippI Il998[ ). The latter effect is 
often attributed as mainly due to extinction by interstel- 
lar dust in the host galaxy. In recent years, however, 
several new results have complicated the "simple" view 
that the peak luminosities of normal SNe la can accu- 
rately be described using only two empirical parameters, 
light curve width and color. 

The measured Doppler shift of the Sin A6150 feature, 
the main defining characteristics of SNe la, is the most 
straightforward estimate of the expa nsion velocity (bu t 
possibly not t he mo st accurate, see iPatat et al.l [19960 . 
iBenetti et all (|2005[) studied the change of Sin A6150 
velocity with time, the velocity gradient, and used this 
quantity to classify SNe as high velocity gradient (HVG), 
low velocity gradient (LVG) or faint. HVG and LVG 
SNe have similar light curve widths but different expan- 
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sion evolution, thus showing that SNe la cannot be com- 
p letely described by t he light curve width. 

iMaeda et al.l (j2010[) argued that the velocity gradient 
is related to shifts in nebular line velocities and that 
this can be explained through viewing angle effects from 
a non-symmetric explosion. Signs of asy mmetries can 
also be found through spectropolarimetry (|Maund et al.l 
l20T0h . 

As a further exa mple of the diversity of SNe la, 
iBranch et al.l (j2006D introduced a classification scheme 
based on the shape of the Sin A5800 and Sin A6150 
features: normal "Core Normal" (CN), broader "Broad 
Line" (BL), weaker "Shallow Silicon" (SS) or with the 
deep absorptions of fainter SNe la, "Cool" . 

The photometric lightcurves of SNe la from differ- 
ent environments also exhibit systematic diversity. The 
distribution of SN la decline rates (light curve w idth) 
varies w ith host galaxy typ e (|Hamuv et al.l I1996D and 
redshift (jHowell et al.ll200'7[) . These resuhs can be com- 
pared with the rates of SNe la that seem to be best ex- 
plained th rough two populations, one "prompt" and one 
"dela yed" (iMannucci et al.l2005l : iScannapieco fc BildstenI 
|2005[) . SNe in different host galaxy types also appear 
to have different intrinsic light curve properties, beyond 
what can be corrected using light curve width and color 
(IKellv et al.l [201 0: Sull ivan et all I2010t ILampeitl et~al] 
I2010D . IWang et al.l (j20d9() compared extinction laws (fits 
of total-to-selective extinction ratio, Rv), finding differ- 
ent relat i ons fo r high and low Sin A6150 velocity objects. 
iLi et al.l (|2010[ ) reported that high velocity (often also 
HVG) SNe predominantly occur in Sb-Sc galaxies. Signs 
of spectroscopic evolution with redshift were claimed by 
[R)lev et al. (2001) and ,Sullivan et al.l (|2009i) . both re- 
porting shallower absorption features at higher rcdshifts 
based on studies of composite spectra (where host con- 
tamination removal was attempted after and before com- 
bination, respectively) . 

The extinction of SNe la, inferred from observations of 
their colors, displays a steeper la w (lower Ry) than the 
typical M ilky Way ext i nction law ( Krisciunas et al.ll2006l: 
Elias-Rosa et al. I[200ll&17 et al.ll2007l: iKrisciunas et all 
2007i: iNobili fc Goobari 120081: lEhas-Rosa et al.l 120081: 
Wang et al.l 120080 . and is at least for some objects well 



fitted with simple models assuming circumstellar dust 
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(|Goobaill200"a iFolatelli et al.l[2010l) . 

Precision cosmology with SNe la depends critically 
on the homogeneity of the SN brightness. Potentially, 
further sharpening of the "standard candle" could be 
accomplished using spectroscopic properties or n ear-IR 
SNe la data (|Bailev et alj [200l iFolatelli et all [20Tol ). 
At the same time, systematic effects caused by poorly 
corrected brightness evolution and redden ing limit cur- 
rent and future SN la dark energy studies (|Nordin et alJ 
|2008| ). Thus, characterizing subclasses and empirical sec- 
ondary relations is essential for the use of SNe la to ob- 
tain precise constra i nts on e.g., the nature of dark energy. 

In iNordin et all (120111 . , hereafter NIO), we per- 
formed an analysis of individual spectra observed at 
the New Technology Telescope (NTT) and the Nordic 
Optical Telescope (NOT: lOstman et al.|[20Tll hereafter 

OlO) in conjunction with the SDSS - II Supernova Survey 
(iGunn et alj|1998l: lYork et al.|[2000t [Frieman et al|[200a 
ISako et all 120081 1 The NTT/NOT spectroscopic sample 
is publicly available, see OlO for a full description. These 
spectra were compared with a large set of nearby SN 
la spectra. Pseudo equivalent widths (pEWs) and line 
velocities were measured for selected optical features of 
normal SN la spectra. We examined possible correlations 
between SN la spectral indi cators (over a w ide range of 
epochs) and redshift, SALT (|Guv et al.ll2005h light curve 
parameters and host galaxy properties. The Sill A4000 
feature around light curve peak was found to correlate 
strongly with the light curve width (stretch): SNe with 
wider light curves have narrow/weaker Sin A4000 absorp- 
tion features. This relationship was intro duced indirectly 
as the Mgii A4300 "breaking point" in iGaravini et al.l 
(I2007af) and exphcitly as a function of Sin A4000 width in 
iBronder et all (l2008li . Further discussions can be found 
in lArseniievic et al.l (|2Q08f ) and lWalker et al.l (|2011| ). 

Interestingly, in NIO we also identified a tentative cor- 
relation between the Sin A4000 pEW and the fitted SALT 
color. This correlation was particularly strong in the 
epoch range 0-8 days after B-band maximum. The width 
of the small Sin A4000 feature is only marginally affected 
by interstellar dust or flux normalization (see NIO). In- 
stead, a change in the pEW is likely related to photo- 
spheric temperature or elemental abundance differences. 
A correlation between feature width and light curve color 
would thus indicate that at least part of the reddening, 
as described by light curve color, has an origin in or 
close to the explosion. Given the potential importance of 
these findings, in this paper we perform further tests on 
the Sin A 4000 pEW using an updated light curve fitter 
(SALT2: iGuv et ahl 120071 ) and an increased sample of 
SN la spectra from the SuperN ova Legacy Survey ( Very 
Large Telescope) (SNLS VLT: iBalland et al.ll2009l ). In 
addition to light curve parameters, we also include com- 
parisons with velocity gradient and Branch type. 

This paper is organized as follows. In Section [2] we 
present the data and measurements used and in Section[3] 
we show our main results concerning the Sin A4000 fea- 
ture together with tests for systematic effects. In Sec- 
tion [4] we discuss these results in a wider context, and 
we conclude in Section [5l The data used are presented 
in Table 2. All quoted spectral epochs refer to the rest 
frame of the SN and are expressed as days relative to 
time of peak i?-band luminosity. 



2. THE SPECTRAL SAMPLE AND SN PROPERTIES 
The sample used in NIO was a combination of SDSS- 
NTT/NOT spectra (OlO) and local spectraQ That 
sample is here enlarged in size and red shift range by 
inclu ding the public SNLS VLT spectra (jBalland et al.l 
|2009( ). NTT/NOT SNe with host galaxy contamination 
above 10% in the r band have been host subtracted using 
a Principal Component Analysis technique (presented in 

detail in OlO and with tests on effects on spectral indica- 
tors presented in NIO). For the SNLS spectra, the host 
galaxy light have been subtracted using the PHASE 2d- 
reduction pipeline (Baumont ct al. 2008)13 In this anal- 
ysis, we study confirmed normal SNe la, removing all 
SNe that are clearly peculiar (of SN 1991bg, SN 1991T, 
or SN 2002cx type). Furthermore, we restrict the sample 
to SNe with at least one spectrum between and 8 rest 
frame days from light curve peak. 

The spectral properties are compared with light curve 
parameters estimated using the SALT2 light curve fitter 
i|Guv et al.ll2007[) . SALT2 characterizes SN lightcurves 
through the peak magnitude, xl (roughly corresponding 
to light curve width) and c. The c parameter describes 
an empirically fit wavelength-dependent flux attenua- 
tion. SNe with high c-values are "redder" in the sense 
of having less fiux at short wavelengths, while SNe with 
small c-values can be called "bluer" . The SALT2 param- 
eters are obtained from either the SNL S 3 yr compilation 
(iGuy et al.ll2010l ), the Union2 sample (lAmanullah et all 
120101), or for NTT/NOT SNe from our own SALT2 fits 
to SDSS- II photometry (derive d using the method pre- 
sented in iHoltzman et al. || 2008D. For a few local SNe, we 
use SALT2 values from lArseniievic et all (|2008[) . SNLS 
3 yr light curve parameters rely on an updated version of 
SALT2, we therefore rescale SNLS SALT2 parameters 
to match the 64 SNLS SNe that overlap with Union2. 
The uncertainty of this scaling procedure is propagated 
into the light curve parameter uncertaintiesrl 

SNe without good SALT 2 fits are removed from the 
analysis. We remove any SNe flagged as uncertain and 
demand a clearly defined light curve peak. 

We here discuss the Sin A4000 feature of SNe la. 
This region is partly created by absorption by the 
Si n A4130 line, but with the term Sin A4000 we also in- 
clude absorption by other elements at these wavelengths. 
The Sin A4000 pEW is estimated using the measurement 
pipehne introduced in NIO. We use the standard for- 
mula: 

,™,.|:(,_/^)^.., m 

where f\{\i) is the observed flux and fx{Xi) is 
the pseudo-continuum. For Sin A4000, the pseudo- 
continuum is defined as the line between the peak at 
3800-3950 A and the peak at 4000-4200 A and the sum is 
made over all wavelength bins between the peaks. If both 

Many assembled using the SUSPECT data base, 
http: / /bruf ord.nhn. ou. edu/suspect/. 

^•^ In some cases the SN location was too close to the center of 
the host galaxy for an efficient PHASE reduction. For these cases 
a one -dimensional reduction was performed, see IBaumont et al.l 
12001 ) for details. 

^* The added uncertainties for the rescaled light curve parame- 
ters are (t^=<==>-1<= = 0.04, o-«scale ^ o.42 and o-rescale ^ 0.05. 
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peaks are not found, the measurement is discarded. The 
minimum signal-to- noise ratio (S/N, in 25 A bins) for 
accurate Sill A4000 measurements is ^8. This noise cut 
removes shghtly more than half of both the NTT/NOT 
and SNLS spectra. Statistical and systematic pEW un- 
certainties are estimated as in NIO. 

To remove the (weak) epoch dependence of the 
Sin A4000 pEW within the narrow 8 day window, we 
fit a linear function to the Sill A4000 pEW values as 
a function of spe ctral epoch and subtract this from all 
measurements 

After subtraction we thus have a pEW difference, 
ApEW. SNe with a negative ApEW have smaller than 
average Sill A4000 and SNe with positive values have 
a wider absorption feature. In Figure [1] we show ex- 
amples of Sin A4000 features for SNe with narrow/wide 
Sin A4000 and in Figure [5] we show pEW measurements 
for the sample and how these are converted to ApEW. 
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Fig. 1.— The Sin \4OOO feature of SNe la. Top left: SN1999bn 
at day +2 (Sin A4000 ApEW= -7.78 A). Top right: SN2000cf 
at day +4 (ApEW= 3.29 A). Bottom left: SN1999ar at day -|~5 
(ApEW= -5.58 A). Bottom right: SN1999bm at day +6 (ApEW= 
3.58 A). Left panels show SNe with narrow Sill A4000 feature also 
after removing epoch dependence, while right panel SNe have wider 
Si II A 4000. Stated epochs and ApEW measurements are for these 
individual spectra, and do not correspond to values for SNe with 
multiple spectra, which is given in Table 2. 

For SNe with multiple spectra in the epoch range, the 
mean ApEW and epoch are used, see Table 2. These 
steps produce Sin A4000 pEW measurements of 55 SNe, 
26 from the local sample, 16 from Sloan Digital Sky Sur- 
vey (SDSS), and 13 from SNLS. The original SDSS and 
SNLS SN samples are mainly reduced, and in roughly 
equal fractions, through light curve demands, signal-to- 
noise requirements, or having no spectra in the studied 
epoch range. 

Of our sample of 55 SNe, 22 objects have three or more 
spectra in the rest-frame epoch range —7 to -1-20 (the 
range where the Sin A6150 velocity typically is well de- 
fined). For these SNe we calculate the Sin A6150 ve- 
locity gradient, a linear fit of velocity decrease per unit 
time (km s~^ day~^). We estimate the uncertainty of 
these measurements through randomly shifting the ve- 

The line fit is done using the complete local sample, see NIO. 
The Sill A4000 pEW epoch dependence is 0.3 A day-^. 



^ 30 r 




Fig. 2. — pEW and ApEW measurements of Sin A4000. Figure 
shows measurements of Sill A4000 pEW vs. restframe epoch of 
spectra. The dashed line is the best fit pEW evolution derived us- 
ing the full sample of NIO. ApEW is defined as the difference from 
average evolution for each measurement. Measurements above line 
will have positive ApEW, otherwise negative. Red arrows exem- 
plify one positive and one negative ApEW value. 

locity measurements (according to errors) and then recal- 
culate the gradient. We use the dispersion among these 
scrambled gradients to estimate the velocity gradient un- 
certainty. 

See Table 2 for a summary of the data sample. 

3. Sill A4000 AND SALT2 LIGHTCURVE COLOR 

Figure [3] shows the comparison of Sin A4000 ApEW 
measurements for spectra from peak brightness up to 
+8 days with SALT2 color fits. We find that SNe with 
smaller pEW widths have bluer light curve colors. This 
result could be a continuous correlation or signify differ- 
ent subclasses. The Spearman correlation coefficient for 
the correlation is 0.67, which for the 55 objects corre- 
sponds to a rejection of the non-correlation hypothesis 
at the 5.8(7 level. If the most reddened SNe are removed 
(c > 0.3), the significance changes to 5.2 a. Recently, 
several groups have discussed whether highly reddened 
objects are aff ected by an additional, different, source 
of extinctio n fFola telli etHI I2010t iNordin et all 120111: 
iFolev fc Kas en 201^ The significance of the found cor- 
relation was also studied through a simple Monte Carlo 
test: the pEW values were shuffled so that all color 
measurements were assigned a random pEW measure- 
ment. None of 1000 such iterations yielded a correlation 
as strong as we find in the data. 

To further understand the Sin A4000 region of SNe la 
we have studied how ApEW measurements vary with 
other spectral properties. In Figure H] we compare 
Sin A4000 ApEW measurements of spectra taken at peak 
brightness up to 8 days past peak, in rest-frame with 
Sin A6150 velocity gradient. There is a strong corre- 
lation where SNe with wider Sin A4000 features have 
steeper velocity gradients, thus faster photospheric ve- 
locity evolution. The Spearman correlation coefficient 
for the velocity gradient correlation is —0.73, which for 
the 20 objects corresponds to a rejection of the non- 
correlation hypothesis at the 3.8cr level. Removing SNe 
with SALT2 c > 0.3, the significance becomes 4.3 a. 

3.1. Systematic Effects 




Fig. 3.— Sin X4OOO pEW 
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Fig. 4.— Sin X4OOO ApEW vs. velocity gradient of Sin \6150. 

Here we investigate if the correlation between 
Sin A4000 width and SALT2 color could be caused by 
systematic effects connected to our choice of data sets or 
analysis method. In Figure [5] we show the information 
from Figure [3] while highlighting the three different sam- 
ples (local, SDSS, and SNLS). These all have different 
selection criteria, signal to noise levels, and host sub- 
traction methods. Local SNe have high signal to noise 
and the host galaxy contamination is, in general, min- 
imal. SDSS and SNLS SNe have lower signal to noise 
but are obtained through blind searches. SDSS and 
SNLS are host subtracted using different techniques (as 
described in Section [5]) . SNLS measurements show er- 
rors before and after the uncertainty from the rescaled 
SALT2 parameters. None of these subsamples are driv- 
ing the trends seen. Each sample, if examined individu- 
ally, exhibits similar behavior, but at lower significances. 
If systematic effects such as noise, sample selection, or 
biased host contamination were responsible for the corre- 
lation, samples would not be expected to show the same 
behavior. See Section 6.4 and Appendices A and B in 
NIO for a full description of our evaluation of these un- 
certainties for the SDSS SNe. 

In a similar way we examine effects from the epoch se- 
lection in Figure [HI We find that the correlation cannot 
be explained by epoch differences. In Table 1 we show 
how the Spearman Rank Correlation coefficient changes 
with different epoch and sample cuts. The significance 
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Fig. 5.— Sin \4OOO ApEW vs. SALT2 c with the spec- 
tral sample origin displayed. The bold, red error bars show the 
original SNLS light curve errors before the uncertainty from the 
SALT2 rescaling is applied. Note that SN 1999cl and SN 2003cg, 
both very highly reddened (c > 1), were omitted from this figure 
for clarity. 



TABLE 1 

Spearman Rank Correlation Coefficients 



Ep. 


All 


Local 


SDSS 


SNLS 


Low Cont 


0-8 
0-6 
3-8 
3-6 


0.67 (5.8) 
0.70 (5.8) 
0.71 (4.2) 
0.84 (4.7) 


0.54 (2.9) 
0.54 (2.7) 
0.77 (2.7) 
0.96 (3.8) 


0.79 (3.7) 
0.81 (3.6) 
0.62 (1.6) 
0.77 (1.8) 


0.51 (1.8) 
0.62 (2.1) 
0.50 (1.1) 
0.60 (1.0) 


0.65 (4.9) 
0.67 (4.8) 
0.60 (2.5) 
0.72 (2.7) 



of the correlation, expressed in standard deviations from 
random scatter, is given in parenthesis. For the Low 
cont set all SDSS/SNLS SN spectra with estimated host 
contamination equal to or larger than 20% have been re- 
moved. Wc find that if the epoch range is reduced or the 
sample restricted the detection a decreases consistently 
with the reduced number of SNe. We note that both 
NIO and iBlondin et al.l ()2011[ ) report no strong correla- 
tion between Sin A4000 width and light curve color for 
epochs close to peak (—3 to 3 days around peak). 




Epoch 0-2 
Epoch 2-4 
Epoch 4-6 
Epoch 6-8 



Fig. 6. — Sin \4OOO ApEW vs. SALT2 c with epoch information 
displayed. Note that SN 1999cl and SN 2003cg, both very highly 
reddened (c > 1), were omitted from this figure for clarity. 

In NIO WC showed that dust reddening of SN templates 
has negligible impact on pEWs (See Figure 2 in NIO). 
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That study was extended to include combined effects of 
reddening and noise: we have constructed Monte Carlo 
tests where randomized red dening and noise a re applied 
to template SN la spectra (|Hsiao et al.ll2007f). For ex- 
tinctio n, we assume a reddening law as in lCardelli et all 
(pSl with Rv = 2.1. The noise is assumed to be Gaus- 
sian up to the levels where no measurements can be per- 
formed. As with the real sample, we use templates be- 
tween maximum brightness and 8 days past peak and 
then subtract the epoch dependence. Wc find no trend 
similar to the one observed, for random distributions of 
E{B — V), noise and spectral epochs. 

Since we only investigated the Sill A4000 pEW corre- 
lation with SALT (in NIO) and SALT2 color, we can- 
not exclude that the effect is related to residual ef- 
fects from the light curve fitters. Further tests should 
also include co mparisons with other light curve fitters 
like MLCS2k2 (|Jlia et al.l 120071 ) or SiFTo (jConlev et al.l 
[200i r^ 

Finally, we have investigated whether the measurement 
pipeline could create a bias: manual measurements were 
made on the lower signal-to-noise spectra that were re- 
jected during the automatic measurement process. These 
show an increased scatter, but the trend does not disap- 
pear. 

In summary, we cannot find any systematic effect that 
would explain the correlation between Sin A4000 pEW 
and SALT2 color in Figured 

4. DISCUSSION 

A definitive detection of a correlation between a spec- 
tral feature such as Sin A4000 and light curve color would 
imply that at least part of the observed color differences 
of SNe la arc intrinsic to the SNe themselves. This in- 
trinsic reddening is connected to the shape and change 
of the silicon features of SNe la. At the same time we ex- 
pect additional reddening effects, at some level, from (at 
least) host galaxy dust. With two or more different red- 
dening mechanisms, one of which is intrinsic, it is likely 
that SN light curve fitters could yield better cosmologi- 
cal constraints if these mechanisms could be taken into 
account separately. 

Besides a possible direct connection to reddening, the 
results presented here can be studied in the light of recent 
attempts at finding subtypes of SNe la, e.g., the qual- 
itative subtyping scheme introduced by [Branch et al.l 
(|200d) . In Figure [7] we show Sin A4000 ApEW against 
SALT2 color, but with the Branch classification (from 
[Branch et aL|[2006l [2001) marked. Among the 20 SNe 
with determined Branch type, all were classified as either 
CN or BL. There are no Cool or SS SNe, consistent with 
a sample only consisting of normal SNe IaE3 Among 
the 14 moderately reddened (c < 0.3) SNe with Branch- 
typing, all SNe with wide Sin A4000 (ApEW> 3 A) are 
BL SNe while all with na r row S in A4000 (ApEW< 3 A) 
are CN. lArseniievic et al] ()2008D found a similar relation 
between Sin A4000 pEW and Branch classification using 
a wavelet transform technique. 

We have repeated the study with the very small number of 
SNe with MLCS2k2 or SiFTo fits. We were unable to make any 
statistically significant conclusions. See NIO for a more detailed 
discussion of SALT(l) and MLCS2k2. 

The higher redshift samples, SDSS and SNLS, could contain 
some "hidden" Shallow Silicon SNo that have not been detected. 



We can further connect Sin A4000 measurements (or 
thereby Branch types) to several r ecent claims r egard - 
ing further standa r dizati on of SNe: iBailev et al.l (|2OO90 
and lBlondin"eFan (|20TTI ) use fiux ratios, with one "leg" 
in the 4000-4500 A regio n, to standardize low redshift 
SNe. iWang etlill ()2009|) use a sample divided accord- 
ing to high or low Sin A6150 velocity to obtain ei- 
ther different extinction la ws or different intrinsic col- 
ors. IFolev fc KasCTi (IMol) . using the same sample, ar- 
gue for the late r expla nation and a connection with the 
IKasen fc Plewal (|2007D asymmetric explosion model. In 
Figure H] we showed how Sin A4000 ApEW correlates 
with Sin A6150 velocity gradient. Sin ce Sin A6150 veloc - 
ity and velocity gradient are related (jWang et al.ll2009( ). 
a connection between Sin A4000 width and Sin A6150 
velocity selected samples i s also likelvF^ Our results are 
thus fully consistent with iWang et al.l (|2009D . Exactly 
how these spectroscopic properties and subsamples are 
related, as well as how they are optimally used for SN la 
cosmology, remains to be determined. 




0,2 0,4 

SALT2 c 



Fig. 7.— Sin \4OOO ApEVF vs. SALT2 c with the Branch 
classes marked using different symbols. Note that SN 1999cl and 
SN 2003cg, both very highly reddened (c > 1), were omitted from 
this figure for clarity. 

We now ask how Sin A4000 ApEW measurements 
relate to SN la luminosity. In Figure [8] we compare 
Sin A4000 widths with absolute peak magnitude (rest- 
frame B band). SNe not in the Hubble flow {z < 0.02) 
are not included^ We have subtracted the distance 
modulus, fi{z), from all magnitudes, assuming a flat 
ACDM cosmology with ftnj = 0.27. Wc have also cor- 
rected the magnitudes for light curve width, xi, assuming 
the a best flt value from Union2 (a = 0.121). 

The data are sparse, but it is possible that two differ- 
ent behaviors exist: SNe with narrow Sin A4000 regions 
exhibit a pEW - magnitude correlation, which could be 
alternatively described as a reddening - magnitude cor- 
relation. SNe with large ApEW (ApEW> 3 A) show 
a small magnitude scatter that is not improved through 
light curve color corrections. 

Cuided by the Branch type we now study the effects 

We also see a relation between the Sill A6150 velocity around 
maximum brightness and the Sill A4000 pEW values, but the cor- 
relation with velocity gradient is stronger. 

Note that all very reddened SNe are removed by this cut. 
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Fig. 8. — ApEW vs distance and light curve width corrected mag- 
nitude. SNe are marked according to SALT2 c (color). Only SNe 
in the Hubble flow (z > 0.02) are included. 

of dividing the sample at ~ 3 A. For the SNc with 
ApEW> 3 A, the magnitude scatter (without any light 
curve corrections) is 0.15. Fitting a light curve width 
correction to these SNe reduces the scatter to 0.06. Pho- 
tometric light curve fitters typically produce magnitude 
scatters around 0.15 mag after light curve corrections. 
However, our subset consists of only nine objects, in- 
cluding SNLS SNe up to z 0.6. While this resuh is 
intriguing, more data are needed for a robust confirma- 
tion. 

The subsets discussed here could be related to 
differences between SNe l a in different host g alaxy 
environm ents. Rece ntly ISullivan et al.l ()2010[) and 
iLampcitl ct al.l (|2010[ ) reported that SNe in passive 
galaxies are intrinsically brighter after light curve correc- 
tions. There are also tentative signs that SNe in passive 
hosts prefer a less steep extinction law. Unfortunately 
we only have secure host galaxy information for a minor- 
ity of these SNe, and existing information was obtained 
using different methods. For low redshift SNc with host 
galaxy information in the literature we note that three 
out of 16 SNe with narrow Sin A4000 (ApEW< 3 A) oc- 
cur in E/SO galaxies, while none out of 8 SNe with wide 
Sin A4000 (ApEW> 3 A) occur in E/SO hosts. For the 
SDSS sample we found in NIO that hosts of SNe with 
narrow Sin A4000 widths have high specific star forma- 
tion rate. A coherent analysis of host galaxy properties 
for our sample is clearly needed. We note that, based on 
Figure [H SNe with narrow or wide Sin A4000 features 
would prefer different extinction laws and, possibly, dif- 
ferent intrinsic brightness. 

The region around 4000 A is dominated by Sin absorp- 
tion in normal SNe. However, high signal-to-noise spec- 
tra also exhibit smaller absorptio n features, attributed 
to Cn, Crn, Con o r Feni (see, e.g. IGaravini et al.ll2005l: 
[Branch et at] 120081: IScalzo et all 120101) . In spectra with 
more noise, such small features are not individually re- 
solved. The Sin A4000 feature is thus a complex spectral 
region, where absorption from many different ions might 
be superimposed. The results presented here need not 
imply different silicon abundances. Instead, the presence 
of other elements could cause the measured feature width 
to change. In NIO we examined composite spectra con- 
structed from SNe with high/low Sin A4000 widths. The 
differences we found could be explained through small 
additional absorption features. Detailed modeling of this 



region is needed to fully understand the Sin A4000 ab- 
sorption pattern. 

We conclude with two observational remarks. First, 
the Sin A4000 feature is sufficiently blue to be observ- 
able in optical bands up to high redshift while the signal- 
to-noise and resolution requirements for pEW measure- 
ments are only moderate (S/N ~ 12 in 25 A bins, roughly 
a factor of two less than what flux ratios require). Sec- 
ond, measurements of feature widths do not demand 
spectrophotometric data, only that the host galaxy con- 
tamination is moderate (less than 60%, see Appendix A 
in NIO). Provided this can be achieved measurements 
are thus feasible also with multi-fiber observations. 

The SNLS spectra already included in this study prove 
that Sin A4000 width measurements on individual high- 
rcdshift spectra are possible. For the high redshift {z ^ 
0.5) SNLS spectra used in this study, observed with VLT 
FORSl, exposure times of between 40 and 60 minutes 
were used. Current generation ground-based instruments 
(e.g., F0RS2 or XShooter) are already sensitive enough 
to make accurate measurements of this spectral indicator 
out to z ~ 1. A future space-based mission (WFIRST) 
equipped with a slit spectrograph (or IFU) would be able 
to provide spectral indicator measurements even beyond 
z - 1. 

If the correlations between light curve color and feature 
width discussed here can be confirmed this would thus 
constitute a viable alternative to multi-band photometry 
(where heavily extincted objects would be removed using 
the overall spectral shape) . 

5. CONCLUSIONS 

We present evidence of a correlation between 
SALT2 color and Sin A4000 pEW of SN la spectra ob- 
served between B-band maximum and 8 days later. Nor- 
mal SNe la with weak pEW have lower SALT2 c values, 
while SNe with wide Sin A4000 absorptions have higher 
c (are "redder"). The Spearman correlation coefficient 
for the correlation is at the 5.8(7 level. We have looked 
for spurious effects that could produce the observed cor- 
relation, but have been unable to identify any. 

We can further tie the Sin A4000 width to previously 
defined spectroscopic subclasses: SNe with wide/deep 
Sin A4000 are generally of the "BL" class with large ve- 
locity gradients. SNe with narrow Sin A4000 are "CN" 
with small velocity gradients. We also show that for our 
sample of SNe la, distance estimates can be improved 
using Sin A4000 measurements. More data are needed 
to study any relationship to host galaxy properties and 
extinction. Sin A4000 pEW measurements can, in princi- 
ple, be done for high redshift SN spectra with reasonable 
signal-to-noise. 

Our understanding of SNe la, and their use as stan- 
dard candles, steadily improves. This process will likely 
allow us to limit systematic uncertainties and increase 
the power of SN la cosmology. 
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